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Components Provide a Basisé
to raise performance of all RFB;

Electrodes, Membranes, Hardware, Processes 

ReliabilityPerformance

Cost

support



3

Directions at ORNL:  ôOpen Batteriesõ
Target: improving energy density without lower power density

Flow Batteries: ônewõ chemistry

ÅNon -aqueous Systems

ð Preliminary tests of Advanced hardware 
with new redox species in NA solvent:  
record current density

ð New concept for mediated system 
based on stable radicals

ÅLess expensive active material

ð Needs work on materials in cell plus 
performance enhancement

Studies of electrolytes (solutions, 
membranes) provide basis for selection 

of advanced component

Metal -Air Batteries

Å Zn-airñall aqueous system

ð Leverages investment industry. FCTO, Arpa -e

Å Probing the Zn electrode

ð Zn charging:  controlling dendrites

ð Zn discharging:  oxide formation chemistry

Å Advanced air electrode

ð High efficiency

ð Enables use of inexpensive materials

Studies of electrodes identify controlling 
processes, point to new diagnostic for flow
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Component Research for Redox Flow 
Batteries and ôOpenõ Batteries

Objectives:  Improve Performance, Cost, Reliability of Open/Flow 
Batteries Through Improved Components

1. Advanced the application of Donnan potential for membrane comparison.

2. Radical new air electrode technology coupled with ORNL/UTK membrane 
technology;  discovery of PM -free catalyst

3. Elucidated limiting processes in Zn electrodes; General to electroplating in flow 
systems;  new analytical tool for electrode performance 

4. Extensive work to understand limiting effects in non -aqueous electrolytes leading 
to new (general) membrane approach for high performance.

5. Impurity effects on durability: limited effect of metal ions in low grade Vanadium

6. 13 papers developed in FY18;  8 invited talks

FY18 Accomplishments

Milestone:  Review article in Chemical Reviews (IF = 52.6) accepted.
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UNDERSTANDING MEMBRANES

Correlating DP to Transport:  Wide Range of Membranes
Effects of Morphology, EW etc

Developing Donnan potential:  characteristic of membrane type

SDAPP IEC 1.4 meq/g SDAPP IEC 1.8 meq/g

SDAPP IEC 2.3 meq/g

QDAPP IEC 1.5 meq/g QDAPP IEC 0.97 meq/g

QDAPP IEC 0.4 meq/g

SNL Membranes

SDAPP:  cation exch.
QDAPP: anion exch.

EW dependence



66

Progression of Electrodeposition on Bare Felt
40mA/cm 2 Deposition Step on Bare Felt 

Experimental:

40mA/cm2 deposition

10ml/min flow rate

WE: 2.5EA Felt

CE: 2.5EA Felt loaded with 

Zn plate

RE: Zn wire

Electrolyte:

4M NaOH sat w/ Zn 

SEM Image at 150x mag after 

50sec

50µm 15µ
m

15µ
m
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m
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m

SEM Image at 60x mag after 

30min

SEM Image at 60x mag after 60min

SEM Image at 1kx Max  after 

50sec

SEM Image at 2.5kx mag after 

30min

SEM Image at 2.5kx mag after 

60min

Zn Electrodes:  Zn in carbon felt
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ÅHigher current density: deposition localized near the membrane

ÅLower current density: deposition is evenly dispersed through felt

ÅIndicates an imbalance of the growth process at high current density

Deposition Dispersion Changes with Current Density

Electrode 

Side

5min 10min 30min

10mA/cm2

100mA/cm2
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500µ
m

500µ
m

500µ
m

500µm

Experimental:

SEM Images at different times 

during 10 and 100mA/cm2 current 

deposition

Flow rate 15ml/min

WE: 2.5EA Felt

CE: 2.5EA Felt loaded with Zn 

plate

RE: Zn wire

Electrolyte:

4M NaOH sat w/ Zn 

Possible New Diagnostic Approach for Flow Distribution

Zn Electrodes:  Zn in carbon felt
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IR Drop brings Overpotential to 0 near Membrane

Å Overpotential is below15mv 
in the region where Zn 
deposits concentrate

Å Probably due to:

ð Electromigration of Zincate 
and OH- towards 
membrane/counter electrode

ÅMore work needs to be done 
to explain phenomenon

ð Potential Step experiments

ð Computational modeling 

Overpotential through Electrode at 

100mA/cm2

Z

n

OH
-

OH
-

OH
-

OH
-

Measured IR Loss Through Electrolyte

Zn Electrodes:  Zn in carbon felt
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Zn-Air System:  positive oxygen electrode

Radical Efficiency Improvement
Air electrode: one electrode can improve multiple battery types   

Cycling 
advanced 

air electrode Cycling at
40 mA/cm 2

95% efficiency 
in each 
direction!

O2 evolution

O2 reduction

Low voltage of 
OER enable 

use of carbon 
in electrodes!

New completely 
non -precious 

catalyst 
in development

Symmetric Cell 
cycling (3 -

electrode cell)
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Zn-Peroxide Comparison to Zn -Air Battery 
Zn-air

OCV~1.5 V

Typical charging potential, efficiency

20 mA/cm2 1.95 V, 70% 

50 mA/cm2 2 V , 67% 

100 mA/cm2 2.05 V , 63%

150 mA/cm2  Cannot sustain this current

Must use expensive catalysts, supports.

Zn-Peroxide

OCV~1.3 V

Typical charging potential

20 mA/cm2      1.32 V, 99% 

50 mA/cm2 1.45V , 89% 

100 mA/cm2 1.6  V , 75%

150 mA/cm2 1.7  V , 69%

NO expensive catalysts, supports.

To Do List:  Build a bigger system with improved mt.
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NON-AQUEOUS ELECTROLYTES:   High ED

Electrolyte Conductivity is primary performance limiting factor in NARFB

Electrolyte Conductivity Changed
Separator Only Separator + Electrode


